Background: Two types of myocardia can be observed through the endocardial spectral mapping (SM) in sinus rhythm: the compact type with a smooth spectrum and the fibrillar type with a segmented spectrum (atrial fibrillation nests). During the atrial fibrillation (AF), the compact type has an organized activation and low frequency (passive), whereas the fibrillar type has a rather disorganized activation and high frequency (active/resonant), with both being activated by high-frequency sustained tachycardia -the background tachycardia (BT).
Introduction
The conventional electrophysiological study is based on the analysis of amplitude variations over time (time domain). However, the spectral analysis of a wave correlates amplitude and/or potency with the intrinsic signal frequencies (frequency domain), supplying a large amount of additional information. The heart rate is measured in beats per minute (extrinsic signal frequency), i.e., time domain, whereas the normal R wave peak, for instance, changes voltage abruptly due to the fact that it has high intrinsic spectral frequencies (frequency domain), measured in hertz (Hz, cycles per second). Therefore, the term frequency can be related to temporal or spectral values. Using real-time spectral analysis in sinus rhythm, it is observed that the atrial walls are constituted by two distinct types of myocardia, the compact and the fibrillar types (Fig. 1) . The first type presents a continuous and organized spectrum, with most of the potency grouped to the left (low frequency). The second type presents a segmented spectrum, with a large amount of the segments shifted to the right (high frequencies, > 80 Hz) 1 . The fibrillar myocardium is usually grouped in small areas, which are more or less extensive. During the atrial fibrillation (AF), the compact myocardium presents an organized behavior and high-amplitude electrical activation, low frequency, slightly irregular, suggesting a passive behavior. On the other hand, the fibrillar myocardium presents low-amplitude electrical activity, which is highly disorganized and has high frequency, showing, from an electrical point of view, a resonant behavior.
Resonant is the system that presents resonance. The resonance -the state of a system that vibrates in its own frequency, generally with decremental amplitude, as the result of external stimuli -can be mechanical, such as that of a tuning fork; electrical, such as that of inducers, tuners and oscillators; electromagnetic, such as that of a microwave oven and magnetic resonance imaging, etc.
of AF, 56 cases (61%) presented the paroxysmal type (3.6 ± 1.3, with 2 to 7 crises per year), 25 (27%) presented the persistent type (2.6 ± 1.2, with 1 to 6 crises per year) and 11 (12%) presented the permanent type. Very frequent episodes of non-sustained or incessant AF were observed in 9 patients. Most of the patients did not present any significant cardiopathy. The left atrium diameter was normal or moderately increased (41.9 ± 5 mm). The mean ejection fraction was 0.61 ± 0.8. The most relevant etiologies were: idiopathic, 42%; hypertension, 22%; congenital cardiopathy, 11%; rheumatic cardiopathy, 10%; coronaropathy, 9%; and others, 6%.
Methods
The patients using oral anticoagulants were admitted at the hospital 24 or 48 to have the International Normalized Ratio (INR) adjusted for ≤ 1.4. All cases, especially those with a history of thromboembolism, were treated only after the confirmation of the absence of cardiac thrombi through transesophageal echocardiography [3] [4] [5] . The conventional monitoring with surface electrocardiography (ECG) radiotransparent defibrillation adhesive plaques, orotracheal intubation with mechanical ventilation and inhalation anesthesia was used, as well as the passing of a transesophageal echocardiography transducer. After asepsis, five venipunctures were performed (one subclavian and four femoral ones). A decapolar catheter was introduced through the subclavian vein to catheterize the coronary sinus. Two quadripolar catheters were introduced through the femoral vein into the right atrium and ventricle, an octapolar catheter was positioned at the His and a transeptal punction was performed (five patients had a patent foramen ovale). The following equipment were utilized: Cícero It has been observed that the elimination of the fibrillar myocardium makes it progressively more difficult to reinduce AF. Additionally, these areas present he highest frequencies during this type of arrhythmia. Therefore, the places with high density of fibrillar myocardium were called AF "nests" 1, 2 . Moreover, after the elimination of the AF nests, it has been possible to induce very rapid atrial tachycardia that is highly protected from reversion. Some evidence has demonstrated that this tachycardia occurs secondarily during the AF (background tachycardia), being its maintenance element. The present study describes the mapping and the ablation of the AF nests, followed by the induction and ablation of the background tachycardia.
Hypothesis -The AF nests can be easily identified through spectral mapping during the sinus rhythm and eliminated with ablation by radiofrequency. This could weaken one of the mechanisms of AF maintenance, contributing to its ultimate treatment. Additionally, it would allow the visualization of background tachycardia 2 , permitting its mapping and respective ablation.
Objectives -To propose a new alternative for the treatment of AF based on a spectral mapping during sinus rhythm and describe new findings, aiming at a better understanding of the physiopathology of this arrhythmia.
Patients -A total of 92 patients, 76 males, whose mean age was 52.4 ± 11 yrs were included in the study. All patients had frequent AF that was refractory to at least two antiarrhythmic drugs and 51 (55.4%) reported at least one electrical cardioversion. In this group, all the antiarrhythmic drugs available in our country, as well as flecainamide, showed to be ineffective in one or more patients. Regarding the type (Fig. 2) ; Digital Siemens radioscopy; Biotronik Abcontrol MDS; radiofrequency generator; Philips Heartstart XL biphasic defibrillator with transcutaneous pacemaker; brain-activity spectrometer-BIS (in cases with higher thromboembolic risk). The ablations were carried out with a Blazer EPT 4-mm or 8-mm catheter or 4-mm or 8-mm Medtronic Conductor. All patients received information about the methods and potential complications and agreed with the procedures by signing the informed consent form.
Through a transeptal punction a spiral catheter (Supreme St. Jude or Biotronik Lexx) and the ablation catheter were introduced. Heparin was administered IV to maintain the activated coagulation time between 300 and 400 s. The atrial endocardia were scanned with real-time spectral analysis. All AF nests found were eliminated by applying radiofrequency (30-40 W/30 s/60 o C) until the fibrillar pattern disappeared (Fig. 3) . No complete intentional isolation of the pulmonary veins or blockage lines was carried out, according to the existing conventional techniques 6 . The spiral catheter was used to safely identify the atrial limits and detect AF nests, which are less evident with an 8-mm catheter. 
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Post-ablation re-study -After the ablation of the AF nests, programmed (up to three extra-stimuli) as well as progressive (up to 300 ppm) atrial stimulation were performed. If AF were induced, new AF nests would be sought and treated. If residual tachycardia were induced (background tachycardia 2 ), it would be mapped and treated at its focus of origin. The authors of the present study chose to use the term "background tachycardia", instead of secondary tachycardia, as the term "background" has been incorporated into the Brazilian Portuguese language, according to version 5.11 of Novo Dicionário Aurélio. In case of history or induction of flutter, the specific ablation was carried out. The criteria to finish the ablation were: 1. Impossibility to re-induce AF or tachycardias; 2. Induction only of non-sustained tachycardia/AF < 10 sec; and 3. Impossibility to eliminate residual tachycardia or prolonged procedure (more than five hrs); in these cases, the external thoracic cardioversion was carried out.
Post-ablation medication -Even being ineffective or little effective in the pre-ablation phase, the antiarrhythmic medication was used for two months to reduce the atrial excitability caused by the cicatricial process. Warfarin anticoagulants were administered for three months postablation, keeping the prothrombin time between 2 and 3 INR. After this period, several anti-aggregants were used in cases that presented thromboembolism risk (age, heart failure, mitral dysfunction, dilated left atrium, etc), including those patients with sustained or non-sustained AF recurrence and adequate pharmacological response. The antiarrhythmic medication was withdrawn, except in 23 cases in whom it was necessary to maintain the sinus rhythm.
Post-ablation follow-up -
The follow-up consisted of clinical control and ECG (at hospital discharge, after one, three and six months and after one year) and Holter (one month, six months and one year) or whenever there were symptoms. Additionally, a continuous control was kept through telephone calls.
Results
On average, 50 ± 18 AF nests were treated per patient. After the ablation, it was not possible to induce sustained AF in 65 (71%) cases. In 27 cases (29%), it was possible to induce a non-sustained episode of atrial tachycardia or AF (< 10 s). In 24 patients (26%), it was possible to induce atrial tachycardia with special characteristics (induced by programmed or progressive high-frequency atrial stimulation, highly protected by inflow blockage, difficult to induce and very difficult reversion through atrial stimulation), which was called "background tachycardia" 2 . Eighteen patients (19%) presented a history of common flutter or it was induced, being treated with the bidirectional blockage of the cavotricuspid isthmus. After a mean follow-up of 11.3 ± 8 months, 81 patients (88%) were in sinus rhythm, 23 cases (28%) using previously ineffective antiarrhythmic drugs at reduced doses (amiodarone, 100 mg/day to 300 mg/day; sotalol, 60 mg/day to 160 mg/day; propafenone, 150 mg/day to 600 mg/day; quinidina, 200 mg/day to 400 mg/day). Nine patients (9.8%) underwent re-ablation due to the difficulty in the clinical control of AF or atrial tachycardia in the late phase postablation (more than six months of evolution).
At the initial phase of this method, two episodes of pericardial bleeding occurred (one that resolved clinically and another that had to be surgically drained), probably related to the simultaneous manipulation of multiple sheaths inside the left atrium, as the tip of the involved electrodes (EPT 4 mm large), differently from the sheaths, is very malleable, being unlikely that it would have caused the lesion. Additionally, this complication did not occur after the sheaths started to be removed from the left atrium during the ablation, even when more rigid 8-mm electrodes were used. No other complication was observed.
The most common locations of "AF nests" are shown in Table 1 .
In 11 patients (46%) of the 24 cases in whom background tachycardia was induced, the focus was well defined by mapping, with tachycardia reversion following the use of radiofrequency at the place of better mapping (Table 2 ). In the other 13 cases (54%), the external thoracic cardioversion (10) or reversion by overdrive (3) was carried out due to inconsistent mappings, very high tachycardia frequency, more than one focus or prolonged procedures.
The mean procedure and radioscopy duration were, respectively: 4.3 ± 1.2 hrs and 53.8 ± 19 minutes.
Discussion
This study demonstrates the use of real-time spectral n -number of patients mapping, in sinus rhythm, in the identification and ablation of AF nests. It was possible to observe that the more extensive the ablation of the AF nests, the lower the possibility of inducing this arrhythmia through stimulation. Additionally, a large number of these patients (88%) remained without AF or had controlled AF during follow-up, despite the 39% of cases with persistent and permanent AF, types that are normally associated to poorer outcomes 7 . These data suggest that, apparently, the lower the number of AF nests, more stable the atrial walls become, from an electrical point of view. Additionally, their elimination allowed the identification of tachycardia with very specific characteristics, likely constituting an essential connection in the physiopathology of AF.
AF substrate -Large contributions have been made in the identification of AF triggers [8] [9] [10] as well as in the treatment of this arrhythmia by the ablation or isolation of these triggers 11, 12 . However, the identification of the substrate has advanced very little. It is relatively easy to understand an arrhythmia such as the AF in a dilated atrium with significant fibrosis and degeneration; however, how does one explain this arrhythmia in apparently normal hearts? The initial observations of the present study indicate the AF nests and the background tachycardias. When comparing normal patients with and without paroxysmal AF, it was observed that the number of AF nests is significantly higher in cases with spontaneous or laboratory-induced AF 1, 13 .
Fibrillar myocardium and AF nests: The different spectrums of
The different spectrums of compact and fibrillar myocardia suggest that the great difference between the two types lies in the degree of connection among the cells, which gives those very distinct electrical resonance frequencies. The compact myocardium is very well connected and functions as a "large cell", whereas the fibrillar type behaves as a set of bundles with varied velocities of conduction and refractoriness. From the spectral point of view, the fibrillar and compact myocardia have high and low resonance frequencies, respectively. Therefore, when the atrial walls are stimulated with progressive frequencies, it is observed that the fibrillar myocardium presents autolimited repetitive responses at a much lower frequency than the compact myocardium (234 ± 28 x > 300 ppm; p = 0.018), i.e., the compact myocardium is much more resistant to rapid atrial stimulation. Due to this property, during the AF the fibrillar myocardium constantly maintains a very high, irregular and disorganized frequency (multiplying element), justifying the name "AF nests", whereas the compact myocardium maintains an organized depolarization, much lower frequency and no repetitive responses (passive element) (Fig. 4) .
Resonance of the AF nests -During the AF, the AF nests frequently alternate periods of low amplitude and disorganized high frequency with high amplitude and organized low frequency (Fig. 4) . This happens due to a periodical electrical instability that promotes the alternateness of high and low frequencies. In this case, AF nests that are close and at different phases can feed again, favoring the maintenance of AF (Fig. 5 ). This periodicity of electrical organization/disorganization is called electrical resonance (a known biological property observed in some cells of the mammalian and amphibian nervous system), as its behavior is comparable to that of an electronic resonator 14 , capable of multiplying the initial stimulation. The microreentry and/or reflection between close cell bundles, as well as periods of autolimited triggered activity due to a transitory calcium phenomenon, can explain this property of AF nests 15, 16 .
Probable focus of the AF nests -In the group of patients assessed in the present study, it was possible to associate the AF nests with the following conditions:
1. Congenital: innervation entry (fiber interpolation) 20 .
2. Constitutional: reduction of conexins, with a predominance of termino-terminal connections (crista terminalis) 21 .
Atriovenous transition (interpolation of tissues at the insertion of the pulmonary veins).
4. Mechanical stretching of the atrial myocardium (separation of cells due to pathological conditions, such as interatrial septum aneurysm, etc).
5. Decreased expression of conexins (congestive heart failure, aging, congenital conditions).
Pathological: degeneration, ischemia, inflammation or infiltrative disease com remodeling and reduction of conexins.
Recently it was observed that the elimination of the AF nests makes the response to atropine negative in patients who presented a previously normal response, showing a close association between AF nests and vagal innervation 20 (Fig. 6 ).
Treating atrial fibrillation in sinus rhythm through ablation with radiofrequency of AF nests -
The advantage of the concept of AF nests was to allow the ablation by catheter during sinus rhythm 1 (Fig. 4) without performing the classical blockage lines. It has been observed that the higher the number of AF nests, more frequent and prolonged is the AF, whether spontaneous or induced. Patients that present a very reduced number of AF nests are typically resistant to arrhythmia induction by atrial stimulation. Additionally, when induced, the AF tends to be short and present spontaneous reversion. In the present study, we observed that as the number of AF nests was reduced through ablation with radiofrequency, it became more difficult to re-induce arrhythmia.
Background Tachycardia -An extremely interesting phenomenon observed during the spectral ablation of AF nests was the background tachycardia 2 . The latter is an atrial tachycardia observed only after the ablation of AF nests and attained at the following conditions: during AF, by progressive ablation of AF nests or during sinus rhythm, through programmed and/or progressive atrial stimulation (up to 300 ppm) after most of the AF nests have been submitted to ablation.
Main characteristics of background tachycardia:
1. Regular or slightly irregular atrial tachycardia.
Very high frequency (256 ± 34 bpm).
3. Originated by reentry (generally microreentry induced by rapid and/or programmed atrial stimulation and reversed by overdrive).
4. Highly protected focus (very difficult to be reversed by overdrive) (Fig. 7) .
Fig. 5 -Simultaneous tracings showing the dynamic behavior of the AF nests. During the AF, a periodical electrical instability occurs, which promotes the alternateness of high and low frequencies -the resonant and bystander states. Close AF nests and those at different phases favor the refeeding and maintenance of the AF (arrows). In this sense, the techniques that create lines of blockage on the atrial wall favor the electrical stability17-19. R -resonant; B -bystander; Left IAS -left interatrial sinus; RA -right atrium; DII -N -lead DII -voltage.
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Lead DII-voltage 5 . It can be identified by the digital subtraction of the QRS at the surface ECG and spectral analysis of the tracing of the fast Fourier transform (FFT), before the ablation.
Association between background tachycardia and atrial fibrillation -In the present study it was possible to visualize the background tachycardia after the ablation of the AF nests. It was observed that the AF starts to organize and becomes background tachycardia with the progressive elimination of the AF nests. These data suggest that this tachycardia is a key element in the physiopathology of AF. It is a regular tachycardia (originated by reentry), which, apparently exists at a second plane (background) during the AF. Its very high frequency stimulates the AF nests, promoting its disorganization, its resonance and refeeding. The presence of an entry blockage protects the background tachycardia focus, so that it is not reversed by the stimuli that originate from the activation of the AF nests. The larger the entry blockage is (more difficult to reverse with atrial stimulation), the more prolonged the AF. The combination of background tachycardia with very high and disorganized frequency of AF nests constitutes the apparently chaotic electrical activity that characterizes the classical morphology of f waves at the ECG of frank AF. Many times there is a periodical alternateness of resonance of the AF nests, making the background tachycardia to appear more or less cyclically organized. This constitutes a condition that is frequently known as "fibrillo-flutter". From an electrical point of view, this tachycardia is the main oscillator of the AF
.
Ablation of the background tachycardia -After the ablation of the AF nests, the focus of the background tachycardia induced by atrial stimulation was sought and its ablation was attempted (Fig. 8) . Eventually, the focus of this tachycardia might have been eliminated indirectly during the ablation of the AF nests. In this study, the evolution of the patients who had the background tachycardia treated or those in whom it was impossible to induce it when compared to the group who remained untreated was very different. In the first group, the success rate was 88.9%; in the second group, however, the AF was eliminated in only 73% (p=0.008). Nevertheless, due to mechanisms of protection, many times the background tachycardia could not be induced. Additionally, its mapping is hindered by the high frequency.
Physiopathology of atrial fibrillation based on AF nests -This study suggests that the AF results from the fusion of arrhythmias constituted essentially by a protected atrial tachycardia (background tachycardia), which stimulates the nests and maintain them under a constant state of repetitive responses (Fig. 8) . The observation of this group of patients, of the respective ablations and the clinical history of each case allows us to establish a specific physiopathology for AF based on the following components:
1. Modulator: autonomic nervous system (extensively 2. Trigger: extra-systoles and non-sustained tachycardias of the pulmonary veins 9, 19, [22] [23] [24] .
3. Substrate (multiplier element): AF nests that respond with high frequency to the rapid atrial stimulation, due to the resonant properties (microreentry and/or triggered activity). The capacity to multiply the stimuli is one of the factors that sustain the AF. 4 . Maintainer: background tachycardia, which works as an asynchronic atrial pacemaker with a very high frequency, capable of activating the AF nests, maintaining them within the range of repetitive responses. It is the analogue of the artificial pacemaker used by Wijffels et al 25 and Moreira et al 26 to produce AF, stimulating with very high frequencies.
This physiopathology explains the several classically known clinical pictures (Table 3 ).
large amounts of energy. The exclusive elimination of the high frequencies of the spectrum allows the preservation of the more compact myocardium of the atrial wall, preventing deep lesions and reducing the risk of perforation, of atrioesophageal fistulas 29, 32 and of stenosis of the pulmonary veins 33, 34 , a fact that also differentiates the technique from other methods based on extensive and deep lines of blockage 19 .
As well as in the techniques that directly eliminate the paracardiac ganglia 35, 36 , the ablation of the AF nests, in a simplified form, promotes a significant parasympathetic denervation through the direct elimination of intramural neurons and the indirect elimination of the paracardiac ganglia. Therefore, in addition to acting directly on the autonomous nervous system, it eliminates a large part of the neuromyocardial interface, which has resonant properties (due to its microstructure) and specific spectral characteristics 20 (interpolation of fibers). The elimination of the intramural neuron and the fibrosis of the neuromyocardial junction significantly reduces the extension of the reinnervation.
The method developed by Nademanee et al 37 , also published in 2004, describes the ablation during the AF oriented by complex fractionated electrograms (CFAEs), which are areas of highly fractioned electrical activity and directly identified by the time domain. It is known, however, that during the AF, due to the large number of wavefront collisions, many virtual areas of complex potentials are formed, a problem that does not exist during the sinus rhythm and, therefore, during the ablation of AF nests.
Likely due to this fact, it is well-known the difficulty to reverse a persistent or chronic AF with the ablation of CFAES. Only the paroxysmal AF can be reversed more easily and the reversion, in this case, can be occasional and not necessarily electrophysiological.
In fact, most of the methods have developed in the sense of causing progressively more extensive intramural lesions on the atrial wall. Clearly, the larger the area destroyed, the larger the number of eliminated AF nests, which can influence the results 38 , regardless of the method. Additionally, it has been observed that the origin of the background tachycardia can inadvertently eliminated during these extensive ablations, favoring the long-term outcome. This aspect is highly desirable; however, considering the spectral mapping as the basis, it is understood that it is preferable to direct the ablations rationally into the substrate, eliminate only the resonant frequencies (fibrillar myocardium), preserve the compact muscle, apply the least amount of energy possible to prevent complications and try to induce the background tachycardia with the subsequent ablation of its focus of origin.
Conclusions
The AF nests were easily found in sinus rhythm through the spectral mapping, allowing them to be treated by ablation with conventional radiofrequency, regardless of the isolation of the pulmonary veins. During the AF, this type of myocardium (fibrillar type) presents a reactive-resonant highfrequency pattern, which refeeds the arrhythmia. Differently, the compact myocardium responds in an organized form and with low frequency. After the ablation of the AF nests, Comparison with other ablation methods of atrial fibrillation -The cure of AF is a great challenge for all the available technique 27 . Although it was published in 2004 1 , the ablation of AF nests was developed in the end of the 90's, without being based on previous techniques. The initial proposal of the authors of the present study was to use spectral mapping to search for the AF substrate even in an apparently normal heart, and including patients who had presented a history of AF and, certainly, without atrial fibrosis. The AF nests are frequent in the antrum of pulmonary veins. During their elimination, the electrical isolation of these structures can occur. However, as the spectrum-oriented isolation searches for the frequencies > 80 Hz, most of the times the pulmonary veins are not completely isolated by the ablation of the AF nests, resulting in the electrical conduction of potentials < 80 Hz. This fact differentiates this technique from the methods developed by Haissaguerre et al 11 , Natale et al 28 , Pappone et al 19, 29 and Oral et al 30, 31 , among others, which are characterized by the complete isolation of the pulmonary veins with the use of extensive ablations and it became progressively more difficult the reinduction of the AF, showing that they are directly associated with the physiopathology of arrhythmia. Additionally, the removal of the AF nests allowed the visualization of a residual tachycardia with entry blockage and high frequency, the background tachycardia. The treatment of this condition was followed by significant outcome improvement. These observations, in addition to contributing to the better understanding of the AF physiopathology, allow us to conclude that the ablation of the AF nests followed by the treatment of the background tachycardia is a safe, feasible and highly efficient method to cure or clinically control the AF.
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